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DESCRIPTION 



Technical Field 

This invention relates to an object lens driving 
device for the* correction control of a focusing error and 
a tracking error of a light spot formed on an optical 
information recording medium such as an optical disk. 



Background Art 

In order to record or reproduce an information on an 
optical information recording medium, it is necessary to 
control the position of an object lens so that the focal 
point of the object lens is on an information recording 
surface and does not deviate from a track. For such a 
position controlling, there is provided an object lens 
driving device of a so-called moving-magnet type in which 
a magnet is mounted on a movable body that supports the 
object lens. An example is disclosed in Japanese 
Provisional Patent Publication No. 7-19388 (pages 2-3, 
FIGS . 1 and 2) . 

In a conventional object lens driving device of the 
moving-magnet type, the movable body is supported by a 
support shaft planted on a base so that the movable body 
is movable along the support shaft and rotatable about the 
support shaft. A focusing coil and a tracking coil are 
attached to the base so that the focusing coil and the 
tracking coil face the magnet. Further, a spring member 
for determining the neutral position of the movable body 
is provided on the base. In order to perform the 
correction control of the focusing error, the movable body 
moves along the support shaft by means of an 
electromagnetic force generated by current flowing in the 
focusing coil. In order to perform the correction control 
of the tracking error, the movable body rotates about the 
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support shaft by means of an electromagnetic force 
generated by current flowing in the tracking coil . When 
the currents supplied to the focusing coil and the 
tracking coil are stopped, the movable body returns to the 
5 neutral position by the action of the spring member. 

However, in such a conventional object lens driving 
device, it is necessary to provide the spring member for 
determining the neutral position of the movable body, and 
therefore the number of parts increases. As a result, the 

10 cost increases and the assembling becomes complicated. 

Moreover, since the magnetic circuit is constituted 
by a magnet only, the magnetic flux density acting on the 
respective coils is small, and it is difficult to generate 
a large electromagnetic force. As a result, in order to 

15 obtain a sufficient responsibility (acceleration) of the 
movable body, there is a problem that a electric power 
consumption becomes large. 

Disclosure of Invention 

20 The present invention is made to solve the above 

described problems, and an object of the present invention 
is to provide an object lens driving device with less 
number of parts, being low in price, being easy to 
assemble, and in which the electric power consumption is 

25 small. 

A object lens driving device according to the 
present invention comprises an object lens for collecting 
light on an information recording medium, a lens holder 
that holds the object lens, a base having a support shaft 

30 that supports the lens holder so that the lens holder is 
movable in a direction in parallel to an optical axis of 
the object lens, and rotatable about an axis parallel to 
the optical axis, a magnet mounted on the lens holder and 
magnetized in a direction substantially perpendicular to 

35 the optical axis, the magnet having a magnetic pole, a 
focusing coil mounted on the base, the focusing coil 
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having a side facing the magnetic pole of the magnet and 
substantially perpendicular to the support shaft, a 
tracking coil mounted on the base, the tracking coil 
having a side facing the magnetic pole of the magnet and 
5 substantially parallel to the support shaft, and a yoke 
including a facing portion having a facing surface that 
faces the magnetic pole of the magnet, and an extending 
portion that extends from the facing portion in a 
direction away from the magnetic pole, the side of the 
10 focusing coil and the side of the tracking coil being 
disposed between the facing surface and the magnetic pole 
of the magnet. 

As constructed above, it becomes possible to return 
the lens holder to a reference position without providing 
15 a spring member or the like, and therefore it becomes 
possible to reduce the number of parts, to reduce the 
price, to simplify the assembling, and to reduce the 
electric power consumption. 

Brief Description of Drawings 

FIG. 1 is a perspective view of an object lens 
driving device according to Embodiment 1 of the present 
invention as seen from above; 

FIG. 2 is a perspective view of the object lens 
driving device according to Embodiment 1 of the present 
invention as seen from below; 

FIG. 3 is a top view of the object lens driving 
device according to Embodiment 1 of the present invention; 

FIG. 4 is a sectional" view of the object lens 
driving device according to Embodiment 1 of the present 
invention, taken on line IV-IV in FIG. 3; 

FIG. 5 is an exploded perspective view of the object 
lens driving device according to Embodiment 1 of the 
present invention ; 

FIG. 6 is a perspective view separately showing a 
movable part and a stationary part of the object lens 
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driving device according to Embodiment 1 of the present 
invention ; 

FIG. 7 is a view showing a positional relationship 
between yokes, magnets and respective coils of the object 
5 lens driving device according to Embodiment 1 of the 
present invention ; 

FIG. 8 is a view showing a positional relationship 
between the yokes, the magnets and the respective coils of 
the object lens driving device according to Embodiment 1 
10 of the present invention; 

FIG. 9 is a perspective view of an object lens 
driving device according to Embodiment 2 of the present 
invention as seen from above; 

FIG. 10 is a perspective view of a lens holder and 
15 an object lens of the object lens driving device according 
to Embodiment 2 of the present invention; 

FIG. 11- is a perspective view separately showing a 
lens holder and a magnet of the object lens driving device 
according to Embodiment 2 of the present invention; 
20 FIG. 12 is a view showing a positional relationship 

between yokes, magnets and respective coils of the object 
lens driving device according to Embodiment 2 of the 
present invention ; 

FIG. 13 is a view showing a positional relationship 
25 between the yokes, the magnets and the respective coils of 
the object lens driving device according to Embodiment 2 
of the present invention; 

FIG. 14 is a view of another example of a lens 
holder of the object lens driving device according to 
30 Embodiment 2 of the present invention; 

FIG. 15 is a perspective view of an object lens 
driving device according to Embodiment 3 of the present 
invention ; 

FIG. 16 is a side view of the object lens driving 
35 device according to Embodiment 3 of the present invention; 
and 
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FIG. 17 is an exploded perspective view of the 
object lens driving device according to Embodiment 3 of 
the present invention. 

5 Best Mode for Carrying Out the Invention 

Hereinafter, the best mode for carrying out the 
present invention will be described in concrete. 
Embodiment 1 . 

FIGS. 1 and 2 are perspective views of an object 

10 lens driving device 10 according to Embodiment 1 of the 
present invention as seen from above and below, 
respectively. FIG. 3 is a top view of the object lens 
driving device 10. FIG. 4 is a sectional view of the 
object lens driving device 10 taken on line IV-IV shown in 

15 FIG. 3. FIG. 5 is an exploded perspective view of the 
object lens driving device 10. FIG. 6 is an exploded 
perspective view separately showing a movable part and a 
stationary part of the lens driving device 10. 

As shown in FIG. 1, the object lens driving device 

20 10 includes a lens holder 1 that holds an object lens 3 
for collecting a light beam on an information recording 
medium 2 (FIG. 4) . The lens holder 1 is made of a 
lightweight and highly rigid plastic material or the like. 
A shaft receiving hole la is formed on a center portion of 

25 the lens holder 1 , in parallel to the optical axis of the 
object lens 3. A supporting shaft 6, extending in the 
direction toward and away from the information recording 
medium 2, is inserted into the shaft receiving hole la. 
With this, the lens holder 1 is supported by the support 

30 shaft 6 so that the lens holder 1 is movable along the 
support shaft 6 and rotatable about the support shaft 6. 

Hereinafter, the direction parallel to the support 
shaft 6 (i.e., the direction toward and away from the 
information recording medium 2) is defined as the 

35 direction of Z-axis. In XY-plane perpendicular to the 
direction of Z-axis , the direction traversing the track of 
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the information recording medium 2 is defined as the 
direction of Y-axis. The direction perpendicular to the 
directions of Y-axis and Z-axis is defined as the 
direction of X-axis. The structure of the lens holder 1 
5 is explained on the assumption that the direction 
connecting the centers of the support shaft 6 and the 
object lens 3 is aligned with the direction of X-axis. 

As shown in FIG. 3, the lens holder 1 includes a 
holder main body 11 (on which the above described shaft 

10 receiving hole la is formed) elongated in the direction of 
X-axis, and a lens holding portion 12 formed on an end of 
the holder main body 11 in the longitudinal direction 
thereof. Mounting surfaces 13 and 14 (inwardly recessed 
flat surfaces) are formed on both side surfaces of the 

15 holder main body 11 in the direction of Y-axis. Magnets 
41 and 42 , in the shape of rectangular parallelepiped, are 
fixed to the mounting surfaces 13 and 14. As shown in FIG. 
5, around the mounting surface 13, frame portions 131 and 
132 that substantially contact both ends of the magnet 41 

20 in the direction of Z-axis and a frame portion 133 that 
substantially contacts one side (opposite to the lens 
mounting portion 12 side) of the magnet 41 in the 
direction of X-axis. Although omitted in the drawing, 
similar frame portions are formed around the mounting 

25 surface 14. 

The magnet 41 is parallel-magnetized in the 
direction of Y-axis so that an S-pole 41b is formed on the 
lens holder 1 side and an N-pole 41a is formed on the 
opposite side to the lens holder 1 side. The surfaces on 

30 the sides of the N-pole 41a and the S-pole 41b of the 
magnet 41 are perpendicular to Y-axis. The magnet 42 is 
parallel-magnetized in the direction of Y-axis so that an 
N-pole 42a is formed on the lens holder 1 side and an S- 
pole 42b is formed on the opposite side to the lens holder 

35 1 side. The surfaces on the sides of the N-pole 42a and 
the S-pole 42b of the magnet 42 are perpendicular to Y- 
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axis . 

As shown in FIG. 4, the base 5 on which the support 
shaft 6 is planted is made of non-magnetic material, for 
example, engineering plastic such as polyphenylene-sulf ide 
5 (PPS) or aluminum. The base 5 has a hole 5b through which 
the light beam passes toward the object lens 3. A through 
hole 5a, in parallel to the optical axis of the object 
lens 3, is formed on the center portion of the base 5. 
The above described support shaft 6 is fixed to the 

10 through hole 5a by press-fitting or the like. A fluorine 
resin or the like having a small friction coefficient is 
coated on the surface of the support shaft 6. 

As shown in FIG. 5, a recess 50 is formed on the 
base 5 for storing the lens holder 1. In the recess 50, 

15 side walls 57 and 58 are formed on the outer portions of 
the lens holding portion 12 of the lens holder 1 in the 
direction of Y-axis. The side walls 57 and 58 are able to 
abut against the side surfaces of the lens holding portion 
12. The side walls 57 and 58 are provided for regulating 

20 the rotatable range of the lens holder 1 . 

As shown in FIG. 5, focusing coils 71 and 72 are 
flatly wound in rectangular forms. In the base 5, the 
focusing coils 71 and 72 are fixed to the focusing coil 
mounting portions 51 and 52 formed on the outer sides of 

25 the recess 50 in the direction of Y-axis. The focusing 
coil 71 has two sides 71a and 71b of the direction of X— 
axis and two sides of the direction of Z-axis, and the 
side 71a of the direction of X-axis faces the N-pole 41a 
of the magnet 41. Similarly, the focusing coil 72 has two 

30 sides 72a and 72b of the direction of X-axis and two sides 
of the direction of Z-axis, and the side 72a if the 
direction of X-axis faces the S-pole 42b of the magnet 42. 
The focusing coils 71 and 72 are connected to each other 
in series by means of a connecting portion 70. End line 

35 portions 71c and 72c of the focusing coils 71 and 72 are 
taken out through grooves 59 formed on the base 5. 



The tracking coils 81 and 82 are flatly wound in 
rectangular forms and are provided on the outer sides of 
the focusing coils 71 and 72 in the direction of Y-axis. 
In the base 5, the tracking coils 81 and 82 are fixed to 
5 tracking coil mounting portions 53 and 54 formed on outer 
sides of the focusing coil mounting portions 51 and 52 in 
the direction of Y-axis. The tracking coil 81 has two 
sides of the direction of X-axis and two sides 81a and 81b 
of the direction of Z-axis. The side 81a of the direction 

10 of Z-axis faces the N-pole 41a of the magnet 41. 
Similarly, the tracking coil 82 has two sides of the 
direction of X-axis and two sides 82a and 82b of the 
direction of Z-axis. The side 82a (FIG. 7) of the 
direction of Z-axis faces the S-pole 42b of the magnet 42. 

15 The tracking coils 81 and 82 are connected to each other 
in series by means of a connecting portion 80. End lines 
portions 81c and 82c of the tracking coils 81 and 82 are 
taken out through grooves 69 formed on the base 5. 

Yokes 91 and 92 are provided outside the tracking 

20 coils 81 and 82. The yokes 91 and 92 are formed by press 
molding of magnetic material such as cold-roll steel, and 
fixed to yoke mounting portions 55 and 56 formed on both 
ends of the stationary base 5 in the direction of Y-axis. 
The yokes 91 and 92 have facing portions 91a and 92a each 

25 having a shape in which two elongated portions 
respectively extending in the directions of X-axis of Z- 
axis are jointed in the shape of a cross. Inner surfaces 
of the facing portions 91a and 92a in the direction of Y- 
axis form facing surfaces 91c and 92c that face the 

30 magnets 41 and 42. A pair of extending portions 91b are 
formed on both ends of the facing portions 91a of the yoke 
91 in the direction of X-axis, and extend in the direction 
away from the magnet 41. A pair of extending portions 92b 
are formed on both ends of the facing portions 92a of the 

35 yoke 92 in the direction of X-axis, and extend in the 
direction away from the magnet 42 . The distance from the 



center axis of the through hole 5a to the yoke mounting 
portion 55 is slightly shorter than the distance from the 
center axis of the through hole 5a to the yoke mounting 
portion 56. With this, the center axis of the support 
5 shaft 6 is closer to the yoke 92 than to the yoke 91. 

FIGS. 7 and 8 are views showing the positional 
relationship between the yokes 91 and 92 , the magnets 41 
and 42, the focusing coils 71 and 72 and the tracking 
coils 81 and 82. FIGS. 7 and 8 shows the positional 

10 relationship respectively shown in the directions of Z- 
axis and X-axis, and the magnetic-flux is indicated by a 
plurality of arrows. 

As shown in FIGS. 7 and 8, the magnets 41 and 42 and 
the yokes 91 and 92 are so disposed that centers thereof 

15 are aligned in the direction of Y-axis. The side 71a (FIG. 
8) of the focusing coil 71 and the side 81a of the 
tracking coil 81 are disposed between the N-pole 41a of 
the magnet 41 and the facing surface 91c of the yoke 91. 
Magnetic flux from the N-pole 41a of the magnet 41 passes 

20 through the side 71a of the focusing coil 71 and the side 
81a of the tracking coil 81, and reach the facing surface 
91c of the yoke 91. A part of the magnetic flux that has 
reached the facing surface 91c of the yoke 91 passes 
through the extending portion 91b in the longitudinal 

25 direction thereof. Further, the side 72a (FIG. 8) of the 
focusing coil 72 and the side 82a of the tracking coil 82 
are disposed between the S-pole 42b of the magnet 42 and 
the facing surface 92c of the yoke 92. The magnetic flux 
toward the S-pole 42b of the magnet 42 passes through the 

30 extending portion 92b of the yoke 92 in the longitudinal 
direction thereof, passes through the facing surface 92c, 
further passes through the side 82a of the tracking coil 
82 and the side 72a of the focusing coil 72, and reaches 
the S-pole 42b of the magnet 42. 

35 Next, the operation of the above constructed object 

lens driving device 10 will be described. When the 
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correction control of the focusing error is to be 
performed, current flows through the focusing coils 71 and 
72 connected in series. An electromagnetic force of the 
direction of Z-axis is generated by an interaction between 
5 the current flowing through the sides 71a and 72a (FIG. 8) 
of the focusing coils 71 and 72 and the magnetic field 
generated by the magnets 41 and 42. With this 

electromagnetic force in the direction of Z-axis, the lens 
holder 1 on which the magnets 41 and 42 are mounted moves 

10 along the support shaft 6. With this, the object lens 3 
moves toward and away from the information recording 
medium 2, so that the correction control of the focusing 
error is performed. 

According to the movement of the lens holder 1, the 

15 magnetic field between the magnets 41 and 42 and the yokes 
91 and 92 changes, so that a magnetic recovering force is 
generated according to the moving amount of the lens 
holder 1 . Because the magnetic flux density is the 
highest at the center portions of the magnets 41 and 42 in 

20 the direction of Z-axis, the most stable condition is 
obtained when the centers of the yokes 91 and 92 and the 
centers of the magnets 41 and 42 are aligned with each 
other in the direction of Z-axis as shown in FIG. 8. 
Therefore, when the lens holder 1 moves in the direction 

25 of Z-axis and the centers of the yokes 91 and 92 and the 
centers of the magnets 41 and 42 shift from each other, 
the recovering force is generated for recovering the 
original stable condition. When the supply of the current 
to the focusing coils 71 and 72 is stopped, the lens 

30 holder 1 returns to a reference position in the direction 
of Z-axis (due to the recovering force), i.e., a position 
in which the centers of the yokes 91 and 92 and the 
centers of the magnets 41 and 42 are aligned with each 
other. The shapes and the dimensions of the yokes 91 and 

35 92 are so determined that a linearity (proportionality 
between the moving amount and the recovering force) and a 
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predetermined spring coefficient (a ratio of the 
recovering force to the moving amount) are obtained in a 
range (approximately ±1 mm) necessary for the correction 
control of the focusing error of the object lens 3. 
5 When the correction control of the tracking error is 

to be performed, current flows through the tracking coils 
81 and 82 connected to each other. An electromagnetic 
force of the direction of X-axis is generated by an 
interaction between the current flowing through the sides 

10 81a and 82a (FIG. 7) of the tracking coils 81 and 82 and 
the magnetic field generated by the magnets 41 and 42. 
The electromagnetic force directed upward in FIG. 7 acts 
on the magnet 41, and the electromagnetic force directed 
downward in FIG. 7 acts on the magnet 42. As a result, 

15 the lens holder 1 to which the magnets 41 and 42 are 
mounted rotate clockwise in FIG. 7 about the support shaft 
6. With this, the object lens 3 moves in the direction 
traversing the track of the information recording medium 
2 , so that the correction control of the tracking error is 

20 performed. 

According to the rotation of the lens holder 1 , the 
magnetic field between the magnets 41 and 42 and the yokes 
91 and 92 changes, so that a magnetic recovering force is 
generated according to the rotating amount of the lens 

25 holder 1. In a state where the centers of the magnets 41 
and 42 and the centers of the yokes 91 and 92 are aligned 
in the direction of Y-axis as shown in FIG. 7, the 
magnetic flux (substantially parallel to Y-axis) from the 
N-pole 41a of the magnet 41 passes through the extending 

30 portion 91b of the yoke 91 in the direction of Y-axis, and 
the magnetic flux (substantially parallel to Y-axis) 
toward the S-pole 42b of the magnet 42 passes through the 
extending portion 92b of the yoke 92 in the direction of 
Y-axis. As such, in a state where the direction of the 

35 magnetic flux caused by the magnets 41 and 42 and the 
longitudinal directions of the extending portions 91a and 
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92a are substantially aligned with each other, the most 
stable condition is obtained. When the lens holder 1 
rotates, and the direction of the magnetic flux generated 
by the magnets 41 and 42 is inclined with respect to the 
5 longitudinal directions of the extending portions 91a and 
92a , the recovering force is generated for recovering the 
original stable condition. Thus, when the supply of the 
current to the tracking coils 81 and 82 is stopped, the 
magnets 41 and 42 return to a reference position in the 

10 rotational direction, i.e., a position in which the 
direction of the magnetic flux of the magnets 41 and 42 
and the longitudinal directions of the extending portions 
91a and 92a are aligned with each other. The shapes and 
the dimensions of the yokes 91 and 92 are so determined 

15 that a linearity and a predetermined spring coefficient 
are obtained in a range (approximately ±0.5 mm) necessary 
for the correction control of the tracking error of the 
object lens 3. 

The rotatable range of the lens holder 1 is 

20 regulated by the contact between the outer surface of the 
lens mounting portion 12 of the lens holder 1 and the side 
wall portions 57 and 58 formed on the base 5. By 
regulating the rotatable range of the lens holder 1, the 
contact of the magnets 41 and 42 with the focusing coils 

25 71 and 72 and the tracking coils 81 and 82 are prevented. 

As described above, according to Embodiment 1, it 
becomes possible to cause the lens holder 1 to return to 
the reference position in the direction of Z-axis and in 
the rotational direction, without using a spring member or 

30 the like. Therefore, it becomes possible to provide the 
object lens driving device 10 with small number of parts, 
being inexpensive, and being easy to assemble. 

Further, since a magnetic circuit is formed by the 
magnets 41 and 42 and the yokes 91 and 92, the density of 

35 the magnetic flux effectively acting on the focusing coils 
71 and 72 and the tracking coils 81 and 82 can be higher, 
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compared with the case in which the magnetic circuit is 
formed by the magnets only. As a result, a large 
electromagnetic force can be generated by a small electric 
power consumption. In other words, the electric power 
5 consumption can be reduced, and the response can . be 
enhanced. 

Further, the distance between the magnet 42 and the 
yoke 92 is slightly less than the distance between the 
magnet 41 and the yoke 91, and therefore the magnetic 

10 attractive force between the magnet 42 and the yoke 92 is 
larger than the magnetic attractive force between the 
magnet 41 and the yoke 91, so that the force shown by an 
arrow C in FIG. 7 is applied to the lens holder 1. With 
this, the shaft receiving hole la of the lens holder 1 

15 abuts against the support shaft 6, and therefore a shaking 
caused by the gap between the shaft receiving hole la and 
the support shaft 6 is prevented. As a result, the 
tilting or vibration of the object lens 3 is restricted. 

Moreover, since the magnets 41 and 42, in the shape 

20 of rectangular parallelepiped, are disposed on positions 
symmetrical to each other with respect to the support 
shaft 6, it becomes possible to generate symmetric driving 
force with respect to the support shaft 6, and therefore 
the generation of the unnecessary resonance can be 

25 prevented. Since the magnets 41 and 42 in the shape of 
rectangular parallelepiped are used, it is not necessary 
to use complex-shaped magnets, and therefore the cost of 
the magnets can be reduced and the assembling facility is 
enhanced. 

30 in the above described Embodiment 1, the yokes 91 

and 92 are formed by press molding of the cold-roll steel 
or the like, and therefore the extending portions 91b and 
92b are formed by bending both ends of the contact 
portions 91a and 92a in the direction of X-axis. However, 

35 it is possible to form the yokes 91 and 92 by sintering or 
the like, and to form the extending portions 91b and 92b 
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one by one at the centers of the contact portions 91a and 
92a. 

Furthermore, although in the above described 
Embodiment 1, the magnets, the yokes, the focusing coils 
5 and the tracking coils are provided respectively by two, 
it is also possible to provide the magnet, the yoke, the 
focusing coil and the tracking coil respectively by one at 
a side of lens holder 1. 

10 Embodiment 2 . 

FIG. 9 is a perspective view of an object lens 
driving device 20 according to Embodiment 2 of the present 
invention, as seen from above. FIG. 10 is a perspective 
view of a lens holder and an object lens of the object 

15 lens driving device 20. FIG. 11 is a perspective view 
separately showing the lens holder and the magnet 
integrally formed with each other in the object lens 
driving device 20. FIG. 12 and FIG. 13 are views showing 
the positional relationship of the yokes, the magnet and 

20 the respective coils. In FIGS. 9 through 13, components 
that are the same as or corresponding to those shown in 
FIGS. 1 through 8 are assigned the same reference numerals 
As shown in FIG. 10, in Embodiment 2, the lens 
holder 100 that holds the object lens 3 and the magnet 140 

25 are integrally formed, and constitute a unit 110. The 
unit 110 is formed by integrally molding of a plastic 
material in which magnetic body is included, and then 
partially magnetizing a region corresponding to the 
magnet, so as to form a region that constitutes a magnet 

30 (referred to as a magnet 140) and a region that 
constitutes a lens holder (referred to as a lens holder 
100) . 

As shown in FIG. 11, the lens holder 100 includes an 
elongated portion 101 elongated in the direction of X- 
35 axis, a lens mounting portion 102 formed on an end of the 
elongated portion 101, a bent portion 103 on the other end 



of the elongated portion 101 bent in the direction of Z- 
axis toward the base 5 (FIG. 9) . At the center of the 
elongated portion 101 , a cylindrical portion 104 is formed 
to protrude in the direction of Z-axis toward the base 5. 
5 In the cylindrical portion 104, a shaft receiving hole la 
coaxial with the cylindrical portion 104 is formed for 
inserting the support shaft 106 made of magnetic material. 
At the outer circumference of the cylindrical portion 104, 
a convex portion 105 elongated in the direction of Z-axis 

10 is formed on a portion that positions at an end of the 
elongated portion 101 in the width direction 101. 

The magnet 140 is rectangular parallelepiped, and 
has a through hole 141 in the direction of Z-axis at the 
center thereof through which the cylindrical portion 104 

15 is inserted. A groove 142 for inserting the convex 
portion 105 of the lens holder 100 is formed in adjacent 
to the through hole 141. The magnet 140 is parallel 
magnetized in the direction of Y-axis perpendicular to the 
shaft receiving hole la. One side of the magnet 140 in 

20 the direction of Y-axis is N-pole 140a, and the other side 
of the magnet 140 is S-pole 140b. 

Different from Embodiment 1, the yokes 91 and 92 are 
attached to yoke mounting portions 55 and 56 of the base 5 
so that the distances from the support shaft 106 to the 

25 yokes 91 and 92 are equal to each other. Other structure 
is the same as Embodiment 1. 

FIGS. 12 and 13 respectively show positional 
relationship as seen in the directions of Z-axis and X- 
axis . As in FIGS. 7 and 8, the magnetic flux is indicated 

30 by plurality of arrows. 

As shown in FIGS. 12 and 13, the side 71a (FIG. 13) 
of the focusing coil 71 and the side 81a of the tracking 
coil 81 are disposed between the N-pole 140a of the magnet 
140 and the yoke 91. Magnetic flux from the N-pole 140a 

35 of the magnet 140 passes through the side 71a of the 
focusing coil 71 and the side 81a of the tracking coil 
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81, and reach the yoke 91. Further, the side 72a (FIG. 
13) of the focusing coil 72 and the side 82a of the 
tracking coil 82 are disposed between the S-pole 140b of 
the magnet 140 and the yoke 92. The magnetic flux toward 
5 the S-pole 140b of the magnet 140 passes through the yoke 
92, the side 72a of the focusing coil 72, and the side 82a 
of the tracking coil 82 and reaches the S-pole 140b of the 
magnet 140. 

By allowing the current to flow through the focusing 

10 coils 71 and 72, the electromagnetic force in the 
direction of Z-axis is generated as was described in 
Embodiment 1, so that the lens holder 100 moves along the 
support shaft 106 and the correction control of the 
focusing error is performed. Further, according to the 

15 movement of the lens holder 100, a recovering force in the 
Z-direction is generated, as was described in Embodiment 1. 

By allowing the current to flow through the tracking 
coils 81 and 82, the electromagnetic force in the 
direction of X-axis is generated as was described in 

20 Embodiment 1, so that the lens holder 100 rotates about 
the support shaft 106 and the correction control of the 
tracking error is performed. Further, according to the 
rotation of the lens holder 100, a recovering force in the 
rotational direction is generated as was described in 

25 Embodiment 1. However, in Embodiment 2, it is possible to 
efficiently generate the recovering force, compared with 
Embodiment 1. If no through hole 141 is formed on the 
magnet 140, the magnetic flux is distributed in the 
direction of X-axis so that the magnetic flux is large at 

30 the center in the direction of X-axis. Because the magnet 
140 has the through hole 141 at the center in the 
direction of X-axis, the distribution of the magnetic flux 
becomes uniform in the direction of X-axis. Therefore, 
among the magnetic flux that passes through the magnet 

35 140, a proportion of the magnetic flux that passes through 
the extending portions 91b and 92b increases. As a 
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result, the recovering force can efficiently be generated. 

Furthermore, since the support shaft 106 inserted 
into the through hole 141 of the magnet 140 is made of 
magnetic material, the magnetic attractive force between 
5 the magnet 140 and the support shaft 106 is generated. 
Because the through hole 141 has the groove 142, the shape 
of the through hole 141 is asymmetric with respect to the 
center axis of the support shaft 106 in the direction of 
Y-axis. Therefore, the support shaft 106 is attracted 

10 more strongly to the opposite side to the groove 142 of 
the magnet 140. The support shaft 106 is fixed to the 
base 5, and therefore the magnet 140 is urged in the 
direction indicated by an arrow E. As a result, a force 
is applied to the lens holder 1 in the direction in which 

15 the shaft receiving hole la abuts against the support 
shaft 106, so that the shaking caused by the gap between 
the shaft receiving hole la and the support shaft 106 is 
prevented. With this, the tilting or vibration of the 
object lens is restricted. 

20 As described above, according to Embodiment 2, the 

magnet 140 and the lens holder 100 are integrally formed, 
and therefore the number of parts can be reduced and the 
assembling becomes easy. Additionally, if the magnet is 
attached to the outside of the lens holder, the weight and 

25 the inertial moment of the movable part increases and 
therefore the consumed electric current increases. 
However, in Embodiment 2, because the magnet 140 and the 
lens holder 100 are integrally formed, the weight of the 
movable part is reduced, and the inertial moment is 

30 reduced. As a result, a large electromagnetic force can 
be generated by a small electric power consumption. In 
other words, the electric power consumption can be 
restricted, and the response can be enhanced. 

Further, since one magnet 140 is provided coaxially 

35 with the support shaft 106 of the lens holder 100, the 
driving force symmetric with respect to the support shaft 
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can be generated, and therefore the unnecessary resonance 
can be prevented. Additionally, since the magnet 140 with 
high rigidity is provided on the center of the lens holder 
100, the rigidity of the movable part is enhanced, and the 
5 unnecessary resonance can be prevented. 

In addition, because the shaft receiving hole la of 
the lens holder 100 abuts against the support shaft 106 by 
means of the magnetic attractive force between the support 
shaft 106 made of magnetic material and the magnet 140, 

10 the shaking caused by the gap between the shaft receiving 
hole la and the support shaft 106 can be prevented, and 
therefore the tilting or vibration of the object lens 3 is 
restricted. Furthermore, with this structure, the 

generation of the driving force and the recovering force 

15 of the lens holder 1 are not influenced, and the magnitude 
and direction of the force urging the shaft receiving hole 
la against the support shaft 106 is constant irrespective 
of the position of the lens holder 1. Therefore, the 
shaking of the lens holder 100 is prevented in more stable 

20 condition. 

Although, in the above described Embodiment 2, the 
magnet 140 and the lens holder 100 are integrally formed, 
it is possible to separately form the magnet 140 and the 
lens holder 100 as shown in FIG. 14. In this case, the 

25 magnet 140 and the lens holder 100 can be fixed to each 
other by engaging the convex portion 105 of the lens 
holder 100 into the groove 142 of the magnet 140, 
inserting the cylindrical portion 104 of the lens holder 
100 into the through hole 141 of the magnet 140, and 

30 adhere them. 

Embodiment 3 . 

FIG. 15 is a perspective view of an object lens 
driving device 30 according to Embodiment 3 of the present 
35 invention, as seen from above. FIG. 16 is a side view of 
the object lens driving device 30. FIG. 17 is an exploded 
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perspective view of the object lens driving device 30. In 
FIGS. 15 through 17, components that are the same as or 
corresponding to those shown in FIGS. 1 through 14 are 
assigned the same reference numerals. 
5 In Embodiment 3, the structures of the yokes are 

different from Embodiments 1 and 2. Components except the 
yokes are the same as Embodiment 1 and 2. 

As shown in FIG. 15, the yoke of Embodiment 3 
includes, in addition to the yokes 91 and 92 described in 

10 Embodiment 1, a connecting portion 300 made of magnetic 
material that connects the yokes 91 and 92. The 
connecting portion 300 includes an elongated portion 301 
extending in the direction of Y-axis along the end of the 
base 5 at the rear side (i.e., the opposite side to the 

15 object lens 3) . The elongated portion 301 is so disposed 
that the position in the direction of Z-axis is 
substantially the same as those of the yokes 91 and 92. 

An end portion 302 of the elongated portion 301 
extends to the front side (i.e., the object lens 3 side) 

20 along the side of the base 5, and is integrally connected 
to the extending portion 91b of the yoke 91. The other 
end portion 303 of the elongated portion 301 extends to 
the front side along the side of the base 5, and is 
integrally connected to the extending portion 92b of the 

25 yoke 92. The connecting portion 300 is so disposed that 
the connecting portion 300 is not overlapped with the 
magnet 140 seen in the direction of Z-axis. This is to 
prevent the connecting portion 300 from adhering to the 
magnet 140 when the magnet 140 moves in the direction 

30 toward the information recording medium 2. 

A position regulating portion 305 extends in the 
direction of Z-axis away from the base 5 from the center 
in the longitudinal direction of the elongated portion 301 
of the connecting portion 300. The position regulating 

35 portion 305 curves to the lens holder 100 side as the 
position shifts upward, and becomes substantially 
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horizontal (i.e., substantially parallel to XY-plane) 
above the lens holder 100. This substantially horizontal 
portion (the horizontal portion 306) abuts against the 
upper end of the support shaft 106. Further, the above 
5 described curved portion 307 of the position regulating 
portion 305 gives an urging force that urges the 
horizontal portion 306 toward the base 5. The connecting 
portion 300 and the yoke 91 and 92 constitute a magnetic 
path, and therefore the density of the magnetic flux 

10 passing through the focusing coils 71 and 72 and the 
tracking coils 81 and 82 can be increased. 

Because of the connecting portion 300 , the yoke is 
disposed asymmetrically with respect to the support shaft 
106 in the direction of the X-axis, and therefore the 

15 attractive force is applied to the magnet 140 in the 
direction of X-axis toward the connecting portion 300 side. 
Therefore, the force is applied to the lens holder 100, 
which urges the shaft receiving hole la against the 
support shaft 106, so that the shaking caused by the gap 

20 between the shaft receiving hole la and the support shaft 
106 is prevented. With this, the tilting or vibration of 
the object lens can be restricted. In addition, it is not 
necessary to provide further member for preventing the 
shaking, and therefore the number of parts is reduced, and 

25 the assembling becomes easy. 

As described above, according to Embodiment 3, by 
the provision of the yokes 91 and 92, the density of the 
magnetic flux passing through the focusing coils 71 and 72 
and the tracking coils 81 and 82 can be increased, and 

30 therefore a large electromagnetic force can be generated 
by a small electric power consumption. In other words, 
the electric power consumption can be restricted, and the 
response can be enhanced. 

Further, because the position regulating portion 305 

35 abuts against the upper end of the support shaft 106, the 
position regulating portion 305 acts as a stopper that 
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defines the limit of the movement of the lens holder 100 
when the lens holder 100 moves in the direction (Z-axis) 
toward the information recording medium 2. Accordingly, 
the collision between the object lens 3 and the 
5 information recording medium 2 can be prevented, without 
providing a separate stopper. 

Additionally, the invasion of the dust or the like 
into the gap between the support shaft 106 and the shaft 
receiving hole la can be prevented by the position 

10 regulating portion 305. Accordingly, it is not necessary 
to provide a cover member for preventing the invasion of 
the dust or the like into the gap between the support 
shaft 106 and the shaft receiving hole la, and therefore 
the number of parts can be reduced. In addition, the 

15 position regulating portion 305 urges the support shaft 
106 to the base 5, and therefore the vibration of the 
support shaft 106 itself can be restricted, and excellent 
servo property is obtained. 

In Embodiment 3, the position regulating portion 305 

20 of the yoke reaches the upper end of the support shaft 106. 
However, as long as the position regulating portion 305 
reaches to the upper surface of the lens holder 100, it is 
possible to limit the movement of the lens holder 100 even 
if the position regulating portion 305 does not reach the 

25 upper end of the support shaft 106. 



